Introduction
Traditional Chinese medicine involves the use of natural plants or animals as a method of disease treating and has existed for more than five thousand years. With increasing international communication, traditional Chinese medicine has also been adopted by many other countries, such as the USA, Australia, Pakistan, Canada, Finland, Israel, and the UK. [1] [2] [3] However, in recent years, many scholars have focused not only on the effectiveness of the traditional Chinese medicine but also on its adverse effects. For example, epileptic seizures has been cited as one particular adverse effect of traditional Chinese medicine. Epileptic seizures are attacks of epilepsy that is the most prevalent neurological disorder and has a serious impact on individual health and life quality. Four types of traditional Chinese medicine have been found to induce epileptic seizures previously. Therefore, in this review we will summarize the current knowledge about possible epileptogenic mechanisms of nux vomica, illicium henryi, betelnut and mulberry drawing on botanical, phytochemical, toxicological and animal studies. This information will help us to guide clinical medication, avoid epileptic seizures, and explore future research opportunities.
Nux vomica
Nux vomica, the dried seed of Strychnos nux-vomica L. (Loganiaceae), grows in India, Sri Lanka, Southeast Asia and Northern Australia. 4 Mature nux vomica is spherical, has a diameter 6-13 cm, and has a smooth orange surface. In traditional Chinese medicine, nux vomica is often cut into slices with a diameter of 1.2-3 cm and a thickness of 3-6 mm; the slices are often emarginated and yellowish gray, similar to coins. It is used to treat a number of diseases, such as hemiplegia, rheumatoid arthritis, pain induced by cancer, sciatica, cervical spondylosis, progressive muscle dystrophy, suppurative infection of ears, and tumors. Strychnine ( Fig. 1 ) and brucine are the major alkaloids found in nux vomica. 5 Strychnine is 10-20 times more poisonous than brucine. It has been reported that a single oral dose 5-10 mg of strychnine is poisonous, while 30 mg of strychnine or 7 g of brucine is fatal. The poisoning incubation period is 30-180 min. Brucine and strychnine, as the major alkaloids of nux vomica, could be absorbed quickly by the gastrointestinal tract. Previous studies demonstrated that the onset time of strychnine-induced seizure was the shortest by intragastric administration. However, the distribution of brucine and strychnine was different in tissues and viscera. The highest concentrations of strychnine and brucine were found in the liver and the heart, respectively, while the lowest concentrations were both found in the blood. Based on the principles of Chinese medicine, nux vomica is commonly prescribed in clinical practice after special sand processing, which not only cleans its fine hairs causing throat irritation but also greatly reduces its toxic side effects. 6 The experiments showed that the lethal dose (LD50) of strychnine for rats was decreased by 48.5-52.2% after processing. 7 After sand processing, brucine and strychnine transform into their isoforms or nitrogen oxidative derivatives, which have low toxicity. 8 At present, there
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are two widely used processing methods: fried processing and baking processing. Fried processing involves boiling nux vomica in water for 24 h. Then, make it dried and boil it in oil at a temperature of 200 8C for 2 min. Finally, crush nux vomica and extract the alkaloid. Baking processing is similar with fried processing except that it does not need to boil nux vomica in oil. 9 There is no difference between the alkaloid components obtained by fried processing or baking processing. However, baking processing is easier for experimental operation. High-performance liquid chromatography (HPLC) analysis is a conventional method for alkaloid extraction of nux vomica. Fré dé rich et al. suggested that 1H-nuclear magnetic resonance spectroscopy (1H NMR) is a more effective method for achieving time gain, relative to HPLC methods. 10 Because the toxic and therapeutic dose of nux vomica are very close, poisoning cases are reported frequently. Five patients with nux vomica-induced epileptic seizures were reported by Li et al. 8 They found that the three patients with epileptic seizures induced by nux vomica were generalized as tonic-clonic seizures, represented by sudden loss of consciousness, falling down, and twitching limbs, which eased after 2-5 min. One patient experienced a simple partial seizure and secondary tonic-clonic seizure when he took 6 g of nux vomica for two times. Another patient experienced complex partial seizures after taking multiple doses of nux vomica over the course of a week which was also confirmed by the wave of epileptic seizures appearing in a synchronous monitoring electroencephalogram (EEG). 10 Epileptic episodes appeared primarily at 25-30 min after taking nux vomica and at different dosages ranging from 12 g to 30 g. 8 According to the report, epileptic seizures resulted from an overdose of nux vomica, which could be avoided if patients were to take a safe dosage of nux vomica. If nux vomica poisoning is diagnosed, patients should cease taking nux vomica immediately and take measures to promote nux vomica excretion. This is the most effective way of treating nux vomica poisoning. In agreement with that nux vomica overdose can cause seizures, Ma et al. observed typical epileptic seizures in rats that had taken a suspension of nux vomica orally. 8 Additionally, Lei et al. demonstrated that brucine could induce epileptic seizures in rats. 9 They divided 43 rats into a model group (n = 33), a blank control group (n = 5), and a false model group (n = 5). The model groups were divided into 6 groups according to dosage (91 mg/kg, 100 mg/kg, or 110 mg/kg) and the number of intraperitoneal injections (one or three injections). The rats in the false model group were injected with a mixture of ethanol and physiological saline once every 30 min. The same amount of physiological saline was also injected into the rats in the blank control group. Subsequently, the animals' behavior was observed, the success rate of the model was calculated, and the MAP2 expression was assessed by immunohistochemistry. Twenty-nine rats in the model group suffered from generalized tonic-clonic seizures. According to the results, Li et al. suggested that the best way to develop a model of brucineinduced epileptic seizures was to administer brucine three times by intraperitoneal injections and control the total amount administered, ranging between 91 mg/kg and 100 mg/kg. 9 The results were similar to those found in research on the brain tissues of epileptic patients. This model might be used in further research in human epilepsy. 10 In addition, it has been claimed that strychnine can induce convulsions, and some researchers have used the kindling model to show that specific medicines are able to modulate convulsant actions. 11, 12 Previous research has confirmed that the mechanism in nux vomica-induced epileptic seizures are related to the mechanisms underlying the effects of brucine and strychnine. Strychnine and brucine have been found to compete with the inhibitory neurotransmitter glycine, leading to epileptic seizures. 8 Glycine's effects can be found at the post-synaptic receptor site in the motor neurons of anterior horn cells of the spinal cord and is widely distributed in the cerebral cortex and hippocampus. Glycine receptors belong to chemical-gated ion channel receptors. When glycine combines with its receptor, it can open chlorine ion channels, suppress the polarization of specific cells, and ultimately lead to epileptic seizures. In fast, separated neurons of young and adult rats, Akaike et al. discovered that strychnine could block glycine-induced chlorine ion current and that this effect is non-competitive. 13 Other experiments have also confirmed that strychnine could result in epileptic seizures by blocking glycine receptors and activating neurons in the dentate gyrus. However, an understanding of the exact mechanism requires further research.
Illicium henryi
Illicium henryi, a type of evergreen shrub or small tree, is a member of the family Illiciaceae and mainly seen in the wet valleys on both sides of the miscellaneous forest in southwest China due to its poor cold resistance and drought tolerance. In traditional Chinese medicine, its bark and roots were used for treating rheumatoid arthritis, lumbar disc protrusion, and injuries from falling, among others maladies. 14 Illicium henryi is mainly composed of sesquiterpene lactones and flavonoids. 15 Column chromatographic techniques using silica gel, Sephadex LH-20, Rp-8 and Rp-18 as packing materials were applied to isolate constituents. The structures of the isolates were determined on the basis of spectroscopic data analyses. 16 With the development of the technology and science, twelve compounds were isolated from the rhizomes of illicium henryi, which are as follows ( (12) sinapaldehyde. 17 The safe dosage for illicium henryi is approximately 3-6 g. An excessive dosage of illicium henryi may be potentially fatal. Four patients taking large doses (15 g, 50 g, 150 g, 150 g, respectively) of illicium henryi showed signs of poisoning within 30 min.
14 Tonic-clonic epileptic seizures and coma were observed after 10-20 min. 14 Consistent with this result, Li et al. found that the EEG of patients with illicium henryi poisoning showed a wave of epileptic seizures, which coincided with the attack frequency, suggesting that illicium henryi poisoning could lead to epileptic seizures. 16 The precise mechanism of this effect is still unknown.
Nevertheless, previous studies have confirmed that illicium henryi can have an intense excitatory effect in the central nervous system, especially in the brain stem. The effect of illicium henryi is similar to that of picrotoxin, as both result in the excitation of neurons in the diencephalon and medulla oblongata as well in nerve endings, resulting in epileptic seizure. Nevertheless, models of illicium henryi-induced epileptic seizures are lacking, which make it difficult to determine the mechanism of epileptic seizures. Further research is thus necessary.
Betelnut
Betelnut (Areca nut) is a seed of the Betel Palm (Areca catechu), which is an evergreen tree that grows in tropical areas such as India, Bangladesh, Ceylon, Malaya, the Philippines and Japan. 18 In traditional Chinese medicine, betelnut is useful for indigestion, hernia, diarrhea, constipation, edema, beriberi and other illnesses. In addition, betelnut is often chewed for its mild psychoactive effects. Betelnut chewing is an ancient practice commonly found in many countries of Asia and among migrated communities in Africa, Europe, and North America. 19 Presently, betelnut chewing is the fourth most addictive habit in the world after nicotine, ethanol, and caffeine use, affecting 10% of the world's population. 20 It has been suggested that betelnut chewing can lead to habituation, addiction and withdrawal symptoms. Winstock et al. reported that withdrawal symptoms, including depression, anxiety, impaired concentration, and fatigue, 21 would appear within 1-2 days after stopping chewing betelnut. Chewing areca can cause oral mucosal inflammation, oral submucous fibrosis (OSF), DNA damage, and canceration. 22 OSF is a chronic disease, which progressively limits a patient's ability to open his/her mouth. The World Health Organization (WHO) has labeled OSF as a precancerous state. In addition, previous research has found a relationship between betelnut and hyperglycemia, atherosclerosis, thrombosis, and behavioral sensitization in mice.
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The parasympathomimetic constituent of betelnut is an alkaloid, such as Arecoline, Arecaidine, Guavacoline, Guavacine, Isoguvacine, or Homoarecoline. Arecoline (Fig. 3) is the major alkaloid found in betelnut, constituting approximately 0.3-0.63% of its composition. 27 In an attempt to determine the relationship between seizures and gastric mucosal damage, we asked whether arecoline would induce seizures in laboratory rats. The seizure in rats was produced by arecoline in a dose-dependent manner. 28 The potential for betelnut indulgence to induce epileptic seizures was firstly reported in 2003, and it was believed that epileptic seizures would terminate after betelnut indulgence was halted. 29 In the report, the patient has been a user of betelnuts for 22 years, over 10 betelnuts per day. Before seizures, he had an aura that he felt sudden numbness on the left side of his face while remaining conscious. Then he underwent a generalized convulsive seizure for 10 min without consciousness. All examinations were normal except electroencephalograghy (EEG). EEG showed spike and wave activity in the right temporal region. When his betelnut indulgence was halted, EEG returned to normal after 4 days. Convulsions did not recur, even without medication. Huang et al. listed four potential reasons why indulgence in betelnuts may induce epileptic seizures. First, betelnut chewing could activate the hypothalamus, the pituitary gland, and the (HPA) adrenal cortical shaft to promote endogenous norepinephrine and epinephrine release. Second, the major alkaloid arecoline is fat-soluble, and small molecules could easily pass through the blood-brain barrier and overactivate muscarinic receptors. 30, 31 Third, a large number of betelnuts can cause hypercalcaemia, hypokalemia and metabolic alkalosis. 32 Fourth, gamma-aminobutyric acid (GABA), the principal inhibitory neurotransmitter in the cerebral cortex, maintains the inhibition that counterbalances neuronal excitation. When this balance is altered, seizures may occur. 33 Hydrolysis of arecoline and guvacoline results in arecaidine and guvacine, respectively, which are strong inhibitors of GABA uptake. 34 If they continue to interfere with the GABA system, neurological disturbance might occur. In conclusion, excessive betelnut chewing can cause epileptic seizures. However, this is a case report, and more new cases needs to be collected to refine our understanding of betelnut's effects.
Mulberry
Mulberry, the fruit of Morus alba L., is distributed in temperate zones such as Asia, Europe, and North America. Because the color of the ripe mulberry is red or dark red and because the fruit is sweet in taste, it is easily eaten by mistake. However, in a traditional Chinese medicine, mulberry is used for antifever diuretics, liver protection, blood pressure reduction, cardiovascular disease prevention, and schizophrenia. Mulberry has been reported to include coriaria lactone (CL) as well as coriamyrtin and tutin (Fig. 4) . Tutin is more toxic than coriamyrtin, but mulberry contains less tutin than coriamyrtin does. These toxins are quickly absorbed in the small intestine, and then distributed to the entire body. 35 During the period between 1998 and 2001, twenty-one patients were hospitalized in Ankang railway hospital in Shanxi province due to mulberry poisoning. Of these patients, thirteen were severe and displayed epileptic seizures. Before the seizures, the patients felt fidgety, grabbed their chests with their hands, screamed, and then underwent tonic convulsion, apnea, and cyanosis, which lasted between 3 and 30 min. In general, the patients gradually awoke after their seizures had ceased. 35 The symptoms of mulberry poisoning are easily confused with those of encephalitis and epilepsy, and diagnosis can be assisted by considering three aspects. First, patients may have a history of eating mulberry, and the tongues, lips and fingers of the patients may be coated in red or purple fruit juice. Second, mulberry poisoning can result in a slowing of the heartbeat and expansion of the pupils. Finally, patients with encephalitis often have symptoms of respiratory infections or digestive tract infections, which are not found in cases of mulberry poisoning. A detailed patient history would assist us in making an accurate diagnosis, so that patients receive timely treatment.
In the 1970s, epileptic-like convulsions were found in schizophrenic patients who were treated with CL. Accordingly, Xie et al. successfully developed a model of CL-induced epilepsy in rabbits. 36 They observed the EEG and behavior of classical epilepsy and found that a 3-mg/kg dose of CL was suitable to induce a high frequency of epilepsy as well as a low mortality rate in rabbits. There is no significant accumulation action of CL in the body, so repeated seizures could be induced in the same rabbits if the dosage and the time interval chosen were appropriate. Since then, many epileptic models have been developed in rats, 5-day-old rats, tree shrews and mice. In addition, Wang et al. demonstrated that CL could induce seizures similar to those of human temporal lobe epilepsy (TLE). They randomly divided healthy male Sprague-Dawley rats (n = 160) into four groups. Three groups (n = 50 for each group) received CL injection at subthreshold dosages (1.25, 1.5, and 1.75 mg/kg, respectively), and ten received normal saline (NS) injection as the control group. To observe the effect of antiepileptic drugs (AEDs), the maximal human adult dosages of carbamazepine (CBZ), valproate (VPA), and phenytoin (PHT) were administered as a monotherapy to different groups of kindled rats for 1 month (n = 20 for each group). Finally, a total of 70 (46.7%) rats were fully kindled. The AEDs did not satisfactorily control seizures in the rats. As mentioned above, the model induced by CL was a simple and stable animal TLE kindling model. It may be used to further investigate the mechanisms involved in pharmacoresistant TLE and to develop new AEDs. 37 In a study by Yan et al., the expression of P-glycoprotein (P-gP) and multidrug resistance protein 1 (MRP1) increased. Previous research has shown that P-gP and MRP1 play important roles in the generation of drug-resistant epilepsy. Perhaps the model of CLinduced epilepsy may also be a model of drug-resistant epilepsy. 38 Typically, multiple epileptiform discharges of CA1 pyramidal cells in rat hippocampal slices induced by tutin were observed. The genesis of tutin-induced epileptiform discharges may be related to excitable glutamate receptors, especially non-NMDA receptors. 39 Moreover, in previous studies, it was confirmed that coriamyrtin could induce status epilepsy in rats. Mulberry poisoning may result in epileptic seizures by stimulating the medulla oblongata and then exciting respiratory centers, vasomotor centers, and the vagus nerve. The pathophysiologic mechanisms are possibly associated with membrane potential changes in cells. It is known that Ca 2+ , as a second messenger, is the primary method by which cells convert instantaneous electric signals into important biochemical events. Increasing Ca 2+ inflow changes the activity of channel and enzyme that depend on the amount of calcium in the dendrites, and it could also affect local synaptic plasticity. In addition, the calcium current enhances neuronal excitement and can cause boost discharges, which induce epileptogenes. Lai et al. reported that calcium currents in hippocampal neurons increased by 70% after CL injection. 40 In addition to Ca 2+ , Na + also participates in membrane potential changes. According to its deactivation characteristics, a sodium current is divided into instantaneous sodium current and continuous sodium current. In the experiment, the instantaneous sodium current was recorded at 98%, which causes a series of waterfall-like reactions and then conducts excitable electrical signals. In addition, sodium inflow facilitates the contact between neurons and enhances the synchronization of electrical activity, which can easily lead to epileptic seizures. 41 Because its function characteristics can influence the action potential and the formation of the neuronal frequency, discharge of the sodium channel can cause epileptic seizures through the influence of common excitatory neuronal pathways. 42 Phenytoin, carbamazepine, and lamotrigine reduced repeated discharge of seizures by inhibiting sodium channels, which indicated that discharge at sodium channels is related to epilepsy. Lai et al. found that CL could increase the amplitude of voltagedependent sodium currents in acutely isolated hippocampal neurons. 43 This effect may contribute to the enhanced excitability of hippocampal neurons and play a role in the epileptogenic process of CL. In addition, further research on the immune-nerve-endocrine regulating network has led some researchers to believe that the imbalance of the network plays a role in repeating epileptic seizures.
Researchers found proliferation and activation of microglial ceils near epileptic lesions. Liu et al. observed high expression of the transcription factor nuclear factor-kappa B (NF-kB) 10 min after stimulating microglial cells with CL, which lasted 24 h without reduction. 44 This result suggests that NF-kB participates in the lasting activation of microglial ceils. Perhaps microglial cells produce pro-inflammatory cytokines to induce the occurrence of epilepsy. It was reported that NF-kB, as a key mediator in both the innate immune response and inflammation, could regulate the expression of tumor necrosis factor-a (TNF-a). Previous studies have indicated that TNF-a increased in the cerebrospinal fluid (CSF) and in the serum of patients with epileptic seizures. 45 Consistent with this finding, Li et al. found that the expression of TNF-a was enhanced, and many more positive cells were found in the hippocampi of rats, 2 h after CL injection. 46 However, the details regarding the mechanisms of TNF-a that promote epileptic seizures remain unclear.
Conclusion
Identifying the factors that induce epileptic seizures may help to diagnose and guide clinical medication. Nevertheless, the precise mechanisms still remain unclear, especially those related to illicium henryi and betelnut, where further research is needed. Of the various types of traditional Chinese medicine, nux vomica, illicium henryi, betelnut, and mulberry are only a few types of tree plants that can induce epilepsy. In addition, the ingredients of traditional Chinese medicine are complex. It is known that the mechanism of illicium henryi-induced epileptic seizures is similar to that induced by picrotoxin. Further efforts are necessary to determine whether all of the picrotoxin-like sesquiterpene lactones are able to induce epileptic seizures.
